Background--High-potency statins reduce cardiovascular events after acute coronary syndromes but remain underused in clinical practice. We examined predictors of nonuse of high-potency statins after acute coronary syndromes.
R
andomized trials have consistently demonstrated that administration of a high-potency statin regimen reduces the risk of recurrent cardiovascular events in patients after an acute coronary syndrome (ACS). [1] [2] [3] [4] Based on this evidence, existing ACS management guidelines recommend the use of a high-potency statin regimen in all patients after an ACS, regardless of their baseline lipid profile. [5] [6] [7] Despite these recommendations, retrospective studies have highlighted that high-potency statins remain underutilized in secondary prevention and are not prescribed for 50% to 70% of patients following hospitalization with ACS. [8] [9] [10] [11] [12] [13] It remains unclear if there are patient characteristics that may influence clinicians' decisions to administer a high-potency statin regimen. Better understanding of these features is relevant to identifying potential barriers that can be addressed and thus lead to changes in practice that could translate to improved patient outcomes. We examined patient characteristics associated with nonuse of a high-potency statin regimen in a large, multinational, contemporary, randomized trial population after ACS.
Methods
The study design of the SOLID-TIMI 52 (Stabilization of pLaques usIng Darapladib-Thrombolysis in Myocardial Infarction 52) trial has been described previously. 14 In brief, the SOLID-TIMI 52 trial was a double-blind, placebo-controlled, phase III trial that enrolled 13 026 patients stabilized after an ACS and randomized to either oral darapladib (a selective lipoprotein-associated phospholipase A 2 inhibitor) or matching placebo. Patients were considered eligible for inclusion if they had been hospitalized with an ACS (ST-segment elevation myocardial infarction [STEMI] , non-STEMI, or unstable angina pectoris) in the 30 days prior to randomization. All participants were required to have at least 1 additional predictor of cardiovascular risk, as follows: age ≥60 years, history of MI prior to the qualifying event, significant renal dysfunction (estimated glomerular filtration rate 30-59 mL/min per 1.73 m 2 ), diabetes mellitus requiring pharmacotherapy, or polyvascular disease (including carotid or peripheral arterial disease). 14 Relevant exclusion criteria included planned or completed coronary artery bypass grafting surgery for the qualifying event, known liver disease, severe renal impairment (estimated glomerular filtration rate <30 mL/min per 1.73 m 2 ), and current New York Heart Association class III or IV heart failure. 15 
High-Potency Statin Therapy
During the SOLID-TIMI 52 trial, the use of guidelinerecommended therapies was strongly encouraged and subsequently reinforced through the distribution of performance reports that were sent to the sites. Site-level and regional reports were sent to sites every 3 months, and patient-level reports were sent to sites every 6 months. These reports included detailed information on the use of guidelinerecommended therapies and the low-density lipoprotein (LDL) cholesterol levels achieved at individual sites. The former included the percentage of patients who were treated with any statin, whereas the latter included the percentage of patients who had achieved an LDL cholesterol concentration <70 or <100 mg/dL. Ultimately, the decision to treat with a statin and the selected dose were at the discretion of the treating physician. The current analysis was restricted to patients for whom baseline data regarding the use of a high-potency statin were available. A high-potency statin regimen was defined as Patients who were not on a statin or who were administered low-or moderate-potency statin regimens were considered the comparator. The median time from hospital admission with ACS to randomization was 14 days; therefore, the majority of patients were initiated on statin therapy prior to their baseline visit. Because LDL cholesterol concentration at the baseline visit reflected, in part, patients who had been recently initiated on statin therapy, we also examined whether achieved LDL cholesterol at 3 months influenced the decision to alter the statin regimen in patients who were not being administered a high-potency statin at that time. Prior use of a statin in the 8 weeks prior to the ACS was also captured on the case report form. The protocol and amendments were approved by the ethics committee, and all patients provided written informed consent.
Statistical Analysis
Baseline characteristics were compared using chi-square tests for categorical variables and Wilcoxon rank sum tests for continuous variables. A logistic regression model with forward selection was used to identify independent predictors associated with nonuse of a high-potency statin after ACS (using a P value of <0.05 for entry in the model). Variables considered for inclusion were age ≥75 years, female sex, nonwhite race, body mass index (continuous), hypertension, hyperlipidemia, diabetes mellitus, peripheral arterial disease, prior MI, statin use in the 8 weeks prior to the ACS event, elevated cardiac biomarkers (troponin or creatine kinase MB), non-STE-ACS (versus STEMI), percutaneous coronary intervention for the index event, heart failure during ACS admission, estimated glomerular filtration rate <60 mL/min per 1.73 m 2 at baseline using the Modification of Diet in
Renal Disease formula, and use of a nonstatin lipid-modifying drug at baseline. Baseline LDL cholesterol concentration was not considered for inclusion in the model because patients could have been initiated on statin therapy in the few days prior to baseline blood draw. However, achieved LDL cholesterol concentration at 3 months was examined to determine whether it was an independent predictor of use of a highpotency statin regimen at the end-of-treatment visit (median 2.3 years).
Results
Of the 13 026 patients enrolled in SOLID-TIMI 52, 12 446 patients (96%) had information regarding type and dose of statin at the baseline visit (median 14 days, interquartile range 6-23 days) ( Figure 1 ). Of these patients, 11 850 (95.2%) were reported to be on a statin at baseline after ACS, but only 5212 (41.9%) were reported on a high-potency statin. Among the minority of patients (n=596, 4.8%) who were not on any type of statin at the baseline visit, the primary reason reported by the investigator was known intolerance of or contraindication to statin therapy (n=243).
Patients not treated with a high-potency statin regimen at baseline were older (median age 65 versus 63 years), more likely to be female (27.5% versus 23.1%), more likely to be hospitalized with non-STE-ACS as their qualifying event (57.0% versus 51.0%), less likely to undergo percutaneous 
Independent Predictors of Nonuse of a HighPotency Statin Regimen
Through forward selection modeling, multiple predictors were identified that were independently associated with the nonuse of a high-potency statin regimen at the baseline visit after ACS ( Among the 7234 patients who were not on a high-potency statin at baseline, only 251 patients (4.4%) had been started on a highpotency statin regimen after 3 months, and of the 5212 patients who were treated with a high-potency statin at baseline, 445 patients (10.2%) discontinued this treatment after 3 months. When reassessed at the end-of-treatment visit (median 2.3 years), of the 7234 patients who were not on a highpotency statin regimen at baseline, 672 (10.3%) were subsequently initiated on a high-potency statin regimen. In contrast, of the 5212 patients who were on a high-potency statin regimen at baseline, 884 patients (17.9%) subsequently discontinued the use of a high-potency statin by the end-of-treatment visit (Figure 1 ). Consequently, of the 12 446 patients included in this analysis, at the end-oftreatment visit, 11 481 had data on high-potency statin use. Of these, 4736 (41.3%) were receiving a high-potency statin.
Achieved LDL Concentration as a Predictor of Statin Intensification
At 3 months following the baseline visit, 7698 of 9345 patients (82%) had achieved an LDL cholesterol concentration <100 mg/dL, and 4576 patients (49%) had achieved an LDL cholesterol concentration <70 mg/dL (Figure 2 , Table 3 ). Of note, 6273 patients (67%) had LDL <70 mg/dL or were treated with high-potency statins, whereas the remaining 3072 patients (33%) had LDL ≥70 mg/dL and were not treated with high-potency statins (Figure 2) .
Of the 5490 patients (59%) who were not on a highpotency statin regimen at 3 months, a lower achieved LDL cholesterol concentration at that time was an independent predictor of nonuse of a high-potency statin regimen at the end-of-treatment visit (adjusted OR 1.15 for 10-mg/dL decrease, 95% CI 1.11-1.19, P<0.001) (Tables 4 and 5). Intensification or discontinuation of a high-potency statin regimen from 3 months to the end-of-treatment visit was infrequent (Figure 2 ). Only 265 (9%) of the 3072 patients who did not achieve an LDL cholesterol concentration <70 mg/dL and only 128 (11%) of the 1116 patients who did not achieve an LDL cholesterol of <100 mg/dL were initiated on a highpotency statin regimen by the end-of-treatment visit (Figure 2) .
Discussion
Despite the widespread use of statins after ACS, the current findings demonstrate that only a minority of such patients are treated with a high-potency statin regimen. These observations were made shortly after the ACS, based on the treatment received during the index hospitalization or at discharge before enrolling in the trial, as well as during the trial. The SOLID-TIMI 52 trial was a large, well-characterized, multinational trial in which adherence to evidence-based therapies was strongly encouraged through distribution of regular performance reports to study sites. Notably, many of the patient characteristics that were associated with failure to administer a high-potency statin were features that, paradoxically, are often associated with higher patient risk including older age, renal dysfunction, and heart failure. In addition, both female sex and nonwhite race were associated with the absence of high-potency statin use, even after adjusting for age and relevant comorbidities. This study highlights the need to intensify the educational process of physicians, both in hospitals and in the community, who are treating patients during and after ACS. It demonstrates that the crossover between use and nonuse of high-potency statins over time is very low and emphasizes the importance of treatment with high-potency statins during the initial hospitalization for ACS.
High-potency statin regimens remain underutilized in clinical practice in patients after ACS [10] [11] [12] [13] ; however, the reasons for this observation remain incompletely understood. Clinical trials have consistently demonstrated that a higher potency statin regimen reduces the risk of recurrent cardiovascular events compared with a low-or moderate-potency regimen in patients after ACS. [1] [2] [3] Moreover, both the relative efficacy and safety of this therapy have been demonstrated across a variety of patient subgroups, including women and the elderly, and regardless of baseline LDL concentration. 4 Nevertheless, discussion continues about the appropriate use of statins, including high-potency regimens, in certain patient populations. In 2013, the American College of Cardiology and Variables included in the model are the same variables used in Table 2 with the addition of HDL-C at 3 months, LDL-C at 3 months, and triglycerides at 3 months. CK-MB indicates creatine kinase MB; HDL-C, high-density lipoprotein cholesterol; LDL-C, lowdensity lipoprotein cholesterol. Variables included in the model are the same variables used in Table 2 with the addition of HDL-C at 3 months, LDL-C at 3 months, and triglycerides at 3 months. CK-MB indicates creatine kinase MB. American Heart Association guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults endorsed the use of a high-potency statin regimen in high-risk patients for secondary prevention but recommended the use of a moderate-potency statin regimen in patients aged >75 years. 5 To support this recommendation, the authors remarked on a relative paucity of data within this age group in existing randomized trials, although good evidence actually shows that the efficacy of a high-potency statin regimen is consistent regardless of patient age. [1] [2] [3] Moreover, in the past few years, a causal relationship between statin use and the development of diabetes mellitus has been suggested. 16 However, enrollment in the SOLID-TIMI 52 trial occurred between 2009 and 2011, so neither factor would have affected statin use in the current study. Although some guidelines that were available at the time of the trial recommended the routine use of high-potency statins in patients after ACS, 7, 17, 18 other guidelines focused primarily on achieving LDL cholesterol concentrations <100 or <70 mg/ dL in high-risk patients. 19, 20 We observed, however, that the use of high-potency statins was also low in patients who had not achieved desired LDL cholesterol target goals. In the current large-scale study of patients with ACS, multiple predictors were identified that were independently associated with the failure to use a high-potency statin regimen. Some of these same factors were also identified in a study by Javed and colleagues in a registry population of patients admitted with ACS, including older age, female sex, renal dysfunction, and the absence of statin therapy prior to the ACS. 13 Moreover, prior studies have shown that women and African American patients are less likely to receive evidence-based therapies. 8 Although research to elucidate the barriers to therapy in these patient groups is ongoing, the current findings underscore the need to better understand these observations. Notably, in the current study, patients who were not treated with a high-potency statin regimen were also less likely to receive other evidence-based therapies including aspirin, P2Y 12 inhibitors, or beta blockers, suggesting that the same characteristics that influence highpotency statin use may also influence the use of other therapies. However, the decreased use of other therapies was less apparent than it was for high-potency statin use, suggesting additional factors may also be at play. Some limitations of the current post hoc analysis warrant consideration. The study population was from a multinational randomized trial and thus was restricted to participants who met study entry criteria. Generalizability of the current findings to other study populations requires validation. Nonetheless, the current findings are notable, given that only a minority of moderate-to high-risk patients received high-potency statins despite being enrolled at sites that were carefully selected based on anticipated performance. In addition, we cannot exclude the existence of other confounding factors that may have influenced high-potency statin use. To that end, information on patient socioeconomic status and statin cost across regions was not captured; therefore, we cannot ascertain whether patient income, insurance, or resources may have influenced clinicians' willingness to prescribe a high-potency statin regimen. Nevertheless, because many statins were generic at the time of the trial, cost should not have played a major role in the decision-making process. The practice of informing the sites of their patients' LDL cholesterol levels every 6 months would be expected to have increased the percentage of patients on high-potency statins. Finally, during the course of the study, not all guidelines recommended the use of high-potency statins and rather focused on LDL cholesterol goals; however, the use of high-potency statins remained low in patients with LDL cholesterol >100 mg/dL.
In conclusion, despite the widespread use of statins after ACS and the demonstrated clinical benefits of high-potency statins, most patients are not treated with high-potency statin regimens early and late after the event, including many patients at the highest risk of recurrent cardiovascular events. Our results emphasize the need to better implement ACS guidelinerecommended therapies for patients with an indication for use.
